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ABSTRACT 

Evaluation of chloride, nitrogen and phos- 
phorus data obtained during a special survey of 
range 3.9 on the Detroit River, in which samples 
were split among three laboratories in Ontario 
and Michigan, shows that contamination of Ontario's 
sample containers occurred. The nature of the 
contaminant changed, during the day, from a 
phosphate species to a (metal) ammonium nitrate 
species of formula M (NO3 ) 2 -NlUNOa and the source 
is suspected to be an airborne particulate. It 
is concluded that protection of containers 
against airborne particulate contaminants is 
critical to data quality. 

The parameter list included ammonium, nitrate 
plus nitrite, total Kjeldahl nitrogen, total phos- 
phorus, reactive phosphates and chloride. In spite 
of the level of contamination present in many of 
the samples, excellent agreement between Ontario 
and Michigan ammonium data was obtained after 
applying a correction to Ontario data equal to 
one-third of the difference in nitrate concentra- 
tion reported by Ontario and Michigan. The chloride 
data was in good agreement between agencies, although 
there was some evidence of a bias. There was no 
sign of chloride contamination. 

It is doubtful that the ammonium/nitrate 
relationship would have been as clear if 
Ontario's samples had not been field frozen over 
dry ice. Any move to discontinue field freezing 
should be considered in this light. Contamination 
of this magnitude has not been observed in 
past Ontario data, and normally would not be 
considered possible. However, because of a 
fluke of nature we have been able to identify 
a potential source of error which should be 
given serious consideration whenever future 
samples are taken. 



INTRODUCTION 

Six successive surveys were completed on September 23, 
1975, of stations 01 - 32 range 3.9 on the Detroit River. 
Three runs (#1, 2, 3) were made by staff of the Michigan 
Department of Natural Resources (DMR) , using their boat and 
routine sampling procedures, and three runs were made by 
staff of the Ontario Ministry of the Environment (MOE) , using 
their boat and their routine sampling procedures. Samples 
were taken at 10 to 12 predetermined locations across the 
range and were split three ways for later analysis at each 
of the following laboratories: 

Michigan DNR, Water Quality Control Lab, Lansing 

Ontario MOE, Water Quality Section, Toronto 

Ontario MOE, Regional Laboratory, London 

The parameters measured were: chloride, ammonium, nitrate plus 
nitrite, total Kjeldahl nitrogen, total phosphorus and 
(filtered) reactive phosphates. 

The original intent of the survey was to determine the 
accuracy of ship position location on the river, but it seemed 
useful to extend this to include an inter-laboratory comparison 
and data compatability study. This report examines the compar- 
ability of results reported by the three participating labor- 
atories, and attempts to resolve the sources of observed 
discrepancies. 

Containers and Preservation Techniques 

Ontario: A portion of the sample collected was transferred 
into a prewashed, distilled water rinsed, 6 oz 
glass Prince of Wales bottle, and set aside for 
chloride analysis. No preservative was added and 
the container was not rinsed with sample. (For 
routine work, a 20 oz glass Boston Round bottle 
is used. 

The portion for analysis of nitrogen and phosphorus 
parameters was transferred into a 200 ml wide mouth 
polystyrene container and frozen over dry ice. The 
container is used unwashed, as delivered from the 
manufacturer, and is not routinely rinsed with sample, 
Checks on these containers have shown no trace of 
contamination for N or P. 

These containers and lids are received separately 
from the manufacturer in large sealed plastic bags. 
Lids are installed by staff of the Ontario Ministry 
of the Environment shipping section who pre-package 
the closed containers in sets of 24 for storage 
until needed. 

These polystyrene containers can crack during 

freezing if overfilled with sample, but this is 

not routinely observed, (ie. overfilling is avoided). 
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Michigan: 125 ml linear polyethylene containers are used. 
They are flushed with sample during the sampling 
process. No preservative is added to the sample 
for chloride analysis. 5 drops of chloroform are 
added to the 125 ml sample for N and P analysis. 

Sampling Techniques 

Ontario: A 2 litre Kemmerer sampler was used to obtain a 
single sample of the river at each station. The 
water, so obtained, was then split among the three 
laboratories, into containers provided by the 
respective agencies. 

Michigan: A special sampler, originally designed for DO 
sampling, was used. It holds four Michigan DNR 
sample containers in a special box. Four tubes 
run through four holes in the box and into the 
four sample containers. It is estimated that, in 
the process of sampling, the containers are flushed 
about three times while being filled with water. 
Two containers were removed and analysed by Mich- 
igan DNR. The contents of the other two containers 
were transferred to Ontario MOE containers, after 
which these two containers were placed back into 
the sampler. Ontario's portion was always taken 
from these same two Michigan containers. 

DISCUSSION 

The data is tabulated in the appendix which includes 
plots of concentration observed by each agency at each 
station for each run. 

It is clear from these plots that data reported by 
Michigan DNR is consistent from run to run, independent 
of which agency was sampling. The small changes which 
occur from run to run appear to reflect a real change in 
river water quality since they are often accompanied by 
a similar change in one of the other parameters. This is 
particularly clear in the chloride data where the figures 
for each agency can be superimposed almost exactly (see 
figures la, lb, Ic appendix) . 

However, when the results for nitrogen and phosphorus 
parameters are examined, it is apparent that gross contamin- 
ation of the sample has occurred in Ontario samples relative 
to the data reported by Michigan DNR. The contaminants are 
ammonium, nitrate and phosphate at levels far in excess of 
what would be expected from a routine laboratory environment. 

It is possible that the observed difference in data 
might not be contamination but rather a real difference in 
the samples received by the three laboratories. However, 
there was sufficient water from the Kemmerer sampler to 
split three ways. Since Michigan DNR results are consistent 
and low, the contamination occurred after the samples were 
split. (Obviously their containers were 'clean'). 
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Sincc^ a I.uck^ nuinluM- of llic cotitainm-. ustnl by Ontaiio 
M(ii; woro rc^coivcd at the lab cracked, (probably due to over- 
filling of the containers prior to freezing) it is possible 
to speculate that the contamination occurred during transfer 
of the samples to the laboratories. However, many of the 
cracked containers showed no contamination , in spite of the 
extra manipulation of thawing the sample into a lab beaker 
and transferring it to a new container. 

London laboratory's data is interesting in that the 
samples taken during runs 1 and 2 are grossly contaminated 
with phosphate, (see figure 4) but not at all with ammonium 
or nitrate. On the other hand their data from runs 3, 4, 5, 
and 6 shows gross arainonium and nitrate contamination but no 
phosphate contamination. A similar, although not exactly 
identical, pattern is present also in the Toronto laboratory 
data, (see figure 5). This suggests a time related source 
of contamination, occurring during the actual survey and not 
prior or subsequent to it. 

Therefore, the source of contamination in Ontario MOE 
data was deduced to be associated with the sample containers 
and/or the way in which they were used. Figure 1 was plotted 
to determine whether the levels of nitrate and ammonium 
contamination were related. (An inverse relationship combined 
with bad scatter would point to the contaminant having been 
originally either nitrate or ammonium v/hich had undergone 
biological or chemical conversion to produce the other. High 
levels of nitrite might be expected in such a case, but in 
fact, nitrite levels reported by Ontario wc?re never greater 
than 0.015 mg N/1 and were generally less than 0.008 mg N/1.) 

The lack of scatter in figure 1 and the clear relation- 
ship of one ammonium as N per three nitrate as N , in spite 
of the range of concentration observed, points clearly to a 
contaminant with a well-defined chemical formulation such as 

M(N03)2 • NHi,N0 3 

where M is a divalent cation such as ferrous iron or two 
monovalent ions such as potassium. It could also be deduced 
that the clarity of the relationship was a direct result of 
the preservation-by-freezing technique used by Ontario MOE 
which prevented biological or chemical conversion. The 
standard deviation for estimating ammonium from nitrate con- 
tamination levels in figure 1 is 0.025 mg N/litre, which is 
comparable to Ontario MOE within-lab standard deviation at 
this level of concentration after allowance is made for the 
number of mathematical operations. 

The level of contamination ranges from almost nil (less 
than 0.04 mg/1 N) to as much as 1.4 mg/1 of ammonia plus nitrate 
as N. If the metal were iron, this corresponds to between 
0.15 and 5.2 mg of contaminant per 200 ml container, assuming 
only the pure salt and no other contaminant is present. 

The range of contamination found suggests a particulate 
rather than a dissolved source for this salt. Its postulated 
structure is not suggestive of a laboratory based source. It 
is possible that the contaminant was airborne from some nearby 
chemical manufacturing complex or resulted from nearby 
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agricultural activities, and that it settled on (and into) 
the wide mouth polystyrene contaaners used by Ontarit'i. 
(Winds at Windsor Airport were from the NNF at about '^ Tiii>h 
with qusts to 20 or 10 mph) . Because containers and lids 
are not routinely rinsed with sample, this material dissolvecf 
in the sample and contaminated it. 

Out of 9S containers used in runs 3 to 6, 38 were grossly 
contaminated with Nitrogen. (Only one sample from runs 1 and 2 
shows the same pattern) . Many of these were analysed at the 
Ontario London laboratory. It is striking that few of these 
samples showed serious orthophosphate contamination, although 
all 24 containers sent to London from runs 1 and 2 were con- 
taminated with between 10 and 60 yg/1 P. It is tempting to 
speculate that either a change in wind direction or a change 
in the manufacturing process, occurred between runs 2 and 3, 
and that this chanaed the particulate contamination from a 
phosphate to an ammonium nitrate species. 

Interlaboratory Comparison 

1 . Ammonium - "J 

In order to demonstrate the precision and accuracy of 
Ontario MOE analytical procedures, figures 2 and 3 compare 
London MOE amiTionium results to Michigan DNR data before and 
after correction for the presence of the contaminant. (See 
Table I) . The corrected London result is obtained by calcu- 
lating one-third of the difference between London and Michigan's 
nitrate plus nitrite results, and subtracting this from the 
ammonium level reported by London. Figure 3 clearly demon- 
strates the comparability of London and Michigan's ammonium 
data if the contaminant had not been present. There is no 
evidence of a significant difference in calibration between 
these labs. The observed scatter is comparable to the within- 
lab precision in spite of the number of mathematical operations 
involved. Since Toronto lab data is included in figure 1 it 
is apparent that a similar correction to Toronto data would 
be similarly effective. This was not done, however, because 
of the fewer number of contaminated samples received at Toronto. 

2. Total Kjeldahl Nitrogen (TKN) as N 

Both laboratories perform TKN analysis. Ontario reported 
TKM and ammoniun-N results, whereas Michigan subtracted their 
TKM and ammonia data to obtain 'Organic-N', which they reported 
along with their ammonium-N result. 

Obviously, the airborne contaminant affected Ontario's 
TKN results since TKN includes ammonium. However, if calcu- 
lated Organic-N results are compared between Ontario and 
Michiqan there is no evidence of significant bias. The between 
laboratory standard deviation is estimated as 0.00 mg/1 N, 
which is comparable to the within-lab standard deviation of 
0.03 - 0. 05 mq/1 N. 

3 . N itrate plus Nitrite as N 

The variation of nitrate present in the Detroit River at 
this range was not sufficient to permit interlab calibration. 



-5- 

The effectiveness of usina the difference between Ontario and 

Michiqan results to calculate an ammonium correction attests 

to the probable precision and absence of bias between laboratories, 

4. Reactive Phosphates as P 

There are several problems in interpreting the compatibility 
of Ontario and Michigan phosphate data. 

a) Michiqan preserves by means of chloroform. 

b) Ontario preserves by freezing. 

c) Michigan does not filter. 

d) Ontario filters the thawed sample through glass 
fibre (Reeve Angel 934 AH) . 

e) There is strong evidence of contamination, particularly 
in runs 1 and 2, but carrying over into the later runs 
in Toronto's data as a more or less constant background 
particularly in runs 3, 4, and 5. 

There is general agreement that reactive phosphates 
should be performed by on-site automated analytical procedures 
on samples filtered through 0.45 ym pore size filters such as 
Sartorius HA, specially packed without filter separators. 

Since neither agency follows this procedure it is not 
clear how their data should be interpreted As expected, 
(see figures 4 and 5) there is evidence that Michigan's 
unfiltered data is higher than Ontario's filtered data if 
allowance is made for contamination in Ontario samples. 

5. Total Phosphorus as P 

Interpretation is difficult because of the extent of 
contamination present. If, however, the reactive phosphate 
result is subtracted from the total phosphorus value for 
each laboratory, there is general agreement between labor- 
atories suggesting similar, if not identical, calibration 
slope. Between-lab standard deviation of about 0.006 mg P/1 
(see appendix) is not as good as expected, but considering 
the data available this is not surprising. 

6. Chloride as Cl 

Figure C- shows a plot of difference between Michigan 
and Toronto chloride data versus Toronto's result. The 
scatter of data is better than one would expect based 
on within laboratory standard deviation and routine data 
reporting practices. It is apparent that there is no 
difference in slope calibration but Michigan data ia high 
by about 1.8 mg/1 Cl throughout the range 8 to 40 mg/1. 
This deviation was also observed in their analysis of a 
set of chloride standards prepared by London and circulated 
at the time of this survey. 
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Chloricle mg/1 



Theory 


0.0 


15.0 


20.0 


London 


< 0.5 


I5.n 


.^0.0 


Toronto 


•^0.1 


]5.0 


20.5 


Michigan 


0.2 


17.3 


22.2 



13.5 


17.0 


3.5 


30.0 


38.5 


13.5 


16.5 


3.5 


30.5 


38 


13.9 


16.3 


2.9 


30.1 


39.2 


14.3 


18.1 


3.9 


31.4 


40.0 



It was also observed, although not so clearly, in a 
series of round-robin samples prepared in recember , 1975, 
by Toronto for PLUARG analysts in which Michigan participated 

Samples 1 2 3 4 5 

Toronto 
London 
Thunder Bay 
Michigan 

At the time of preparing this report, Mr. Peck, at the 
Michigan DNR laboratory, felt that the source of bias had been 
corrected, but for most purposes it is not a severe problem. 

Conclusions 

There is sufficient data to suggest no serious problems 
exist with respect to analytical calibration in terms of inter- 
lab comparison. However, phosphate analysis procedures are 
not comparable between Michigan and Ontario, although the 
resulting data may be useful to each agency. Chloride inter- 
comparison was excellent except for a slight bias. 

Whether or not the samples became contaminated with 
phosphate and ammonium nitrate in the way postulated, it is 
apparent that sample containers and lids must be rinsed with 
sample. Lids should be kept on the containers at all times. 

It is doubtful that the ammonium/nitrate relationship 
would have been as clear if Ontario's samples had not been 
field frozen over dry ice. Any move to discontinue field 
freezing should be considered in this light. 

A similar study, including other routine parameters, 
would be useful. Steps should be initiated to re-do this 
survey at an earlier date. If the survey is repeated, the 
nutrient parameters should be performed on both frozen and 
unfrozen samples. It would also be of value to spike some 
of the field samples with phosphate and ammonium to observe 
the effect of sample handling and preservation on significant 
levels of the parameters of interest. 

In closing, it should be noted that contamination of 
this magnitude has not been observed in past Ontario data, 
and normally would not be considered possible. However, 
because of a fluke of nature we have been able to identify 
a potential source of error which should be given serious 
consideration whenever future samples are taken. 
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TABLE OF CORRECTIONS 
for contaminant in London NH. data 



Correction is 1/3 difference between London and Michigan's 
nitrate and nitrite data, using data from runs 3, 4, 5, 6. 
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APPENDIX TO DETROIT R. SURVEY REPORT 



The following tables of data were compiled for results 
reported by three laboratories on six parameters. Samples 
were taken at stations 01 to 12 at range DT 3.9 on the 
Detroit River on six successive runs on 23 September, 1975 . 

Runs 1, 2, 3 Michigan sampled 

Puns 4, 5, 6 Ontario sampled 

Stations nuirber from US side, all runs started 
at station 01. 

Laboratories M: Michigan, DNR, Lansing 
T: Ontario MOE , Toronto 
L: Ontario MOE, London 

Circled data : suspiciously gross difference 

Small circle in left corner ; container cracked on arrival 

at lab. 

Figures a) concentration vs station number, Michigan 

b) " " " " London 

c) " " " " Toronto 

d) regression analysis: - L vs T , -, . . , , 

T ,,„ M excludmq circled 

- L vs M - 

- T vs M '^■^^^ 
equations: Y = (slope) ^ X + (intercept) ± s 

Y - (slope) X + (intercept) ± s 

X , y . X . y 

s = standard deviation of estimating Y given X 

s = standard deviation of estimating X given Y 
X • y • 

Tables 1. Chloride as Cl 

2. Ammonium as N 

3. Nitrate + Nitrite as N 

4. Total Kjeldahl Nitrogen as N 

5. (TKN - NH^) = 'Organic N' as N 

6. Reactive Phosphates: (Mich, unfiltered) as P 

(Ont. filtered) as P 

7. Total Phosphorus as P 

8. Total P - Reactive PO. as P 
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FIGURE I to show that the contaminant found in Ontario 
samples contains 3 nitrate per 
unit of ammonium as N. 
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FIGURE 2 
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AMMONIUM - N 

LONDON V8 MICHIGAN 
PRIOR TO CORRECTION OF 
LONDON DATA FOR PRESENCE 
OF AIRBORNE CONTAMINANT. 
Runs 3,4,5,6. 
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FIGURE 3 



(•) 



0.3 - 



a 
111 



<j 



a 
o 

u 0.2 



o 
o 

z 
o 



0.1 



r 










• 47 








y 


• 








• y 


* 


AMMONIUM -N 






/ 


^ 


LONDON vt MICHIGAN 






/ 


- 


AFTER CORRECTION FOR 






Xm 


• 


CONTAMINATION BY 






/ 


* 


M(N03)2 NH4NO3 




(•) 


/ 


- 


Runs 3, 4, 5, 6. 






/ 


* 








/ 


- 






• / 


YonX 








/ 


slope 1.02 


- 




1 


\ / 


intercept 0.004 


- 




> 


' • 


correlation 0.995 


- 




my 






- 


y m 








- 


(•) / 








* 


■ / 








- 


z 








1 


yw 








• / 








• / 










■ ^ • 










.y»* 


0.10 


0.20 




0.30 


^» . . 


■ i 1 1 1 1 1 1 1 1 1 t i 1 


1 1 1 1 1 


1 1 1 1 


I 1 L^^L 1 L_I 1^1 J_i_l^ 



MICHGAN mg/l N 





04 


(• ) 




(Y-X) on X 


z 




J»> (.) 






E 


.02 


• 




. • 


z 


00 
-02 


• • 

• 


• 


• ■ • 


z 
< 


I 


z 

n 








_ • • 
• 


0.10 


0.20 0.30 mg/l N 
Difference =0.004 ♦ 1.8 % MIchiflon 


z 








correlation = 0.1 56 




-I 


-04 


— 




Sy.x =0.013 



MICHIGAN 



FIGURE 4 Reactive Phosphates - London v» Michigon 

to demonstrate changes in character and level 
of contamination from run to run. 



Run 1,2: variable gross contamination 
Run 3,4,5,6: except for a few points in run 3, 
background contamination of less 
than 0.003 mg/l (average) 
Note: slope less than unity because Michigan 
reported unfiltered reactive phosphates 
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FIGURE 5 Reoctive Phosphotes - Toronto vs Michigan 

to demonstrate changes in character and 
level of contamination from run to run. 



Run!: variable gross contamination 
Run 2, 6 : constant low contomination 
Run 3,4,5: constont high contamination 
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FIGURE 6 Chloride - to show nature and extent 

of bias between laboratories by plotting 
difference between labs vs concentration 
using Toronto as reference. 
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Diff. = 1.8 mg/l + 0.3% Toronto 
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